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Abstract: Retrotransposons are a class of transposable elements that represent a major 16 
fraction of the repetitive DNA of most eukaryotes. Their abundance stems from their 17 
expansive replication strategies. We screened and isolated sequence fragments of long 18 
terminal repeat (LTR), reverse transcriptase (RT) and Gypsy-like RT and envelop (ENV)-like 19 
domains of LTR retrotransposons, and two partial sequences of non-LTR long interspersed 20 
element (LINE) in the clonally-propagated allohexaploid sweetpotato (Ipomoea batatas) 21 
genome. Using dot blot hybridisation, these elements were found to be present in the ~1597 22 
Mb haploid sweetpotato genome with copy numbers ranging from ~50 to ~4100 as observed 23 
in the partial LTR (IbLtr-1) and LINE (IbLi-1) sequences, respectively. The continuous 24 
clonal propagation of sweetpotato may have contributed to such a multitude of copies of 25 
some of these genomic elements. Interestingly, the isolated Gypsy-like ENV and RT 26 
sequence fragments, IbGy-1 (~2100 copies) and IbGy-2 (~540 copies) respectively, were 27 
found to be homologous to the Bagy-2 cDNA sequences of barley (Hordeum valgare). 28 
Although the isolated partial sequences were found to be homologous to other 29 
transcriptionally active elements, future studies are required to determine whether they 30 
represent elements that are transcriptionally active under normal and/or stressful conditions. 31 
 32 
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Introduction 35 
Retrotransposons are a class of transposable elements (TEs) that are ubiquitous in 36 
almost all eukaryotic genomes and are believed to be a major force shaping their evolution 37 
(Hawkins et al. 2008). When they are not down-regulated, retrotransposons proliferate 38 
through cascades of genome-wide retrotransposition by the “copy-and-paste” action of 39 
reverse transcriptase. In so doing, they can augment the genome and generate insertional 40 
mutations as demonstrated in rice (Sakai et al. 2007), and cause chromosomal rearrangements 41 
by serving as sites for ectopic recombination (Kejnovsky et al. 2009). 42 
Retrotransposons are divided into two groups depending on whether or not they are 43 
flanked by long terminal repeat (LTR) sequences (i.e. LTR and non-LTR retrotransposons). 44 
The LTR retrotransposons have been further divided into Ty1/copia, Ty3/gypsy and Bel 45 
subgroups based on sequence heterogeneity, especially in the organisation of their protein-46 
coding domains (Eickbush and Jamburuthugoda 2008). Non-LTR retrotransposons comprise 47 
both long and short interspersed elements, abbreviated as LINEs and SINEs respectively.  48 
The proliferation of TEs can be detrimental to the survival of their host especially in 49 
asexual species where the mechanisms regulating TE activity (such as through mechanisms 50 
of DNA repair) are lax. Polyploids generally have been shown to undergo rapid and extensive 51 
genomic changes (Chen 2007). Therefore, it is not surprising that evidence of genomic 52 
instability in a clonally-propagated polyploid such as sweetpotato (2n=6x=90), Ipomoea 53 
batatas (L.) Lam. (Convolvulaceae) is accumulating. These genomic instabilities have been 54 
associated with TEs, particularly retrotransposons (Table 1; La Bonte 2001). Apart from 55 
LINEs (e.g. Yamashita and Tahara 2006) and SINEs (e.g. Tanaka et al. 2001), only the 56 
Ty1/copia-like elements of the LTR retrotransposons have been reported in sweetpotato 57 
(Table 1).  58 
 4 
The continuous use of clonal propagation has been implicated in the decline in storage 59 
root yield of cultivars over time and this has been attributed to the accumulation of TEs (La 60 
Bonte 2001). Active retrotransposons (Table 1) have been shown to cause morphological 61 
aberrations such as skin colour mutations (Tanaka et al. 2001). The identification of TEs 62 
prevalent in sweetpotato is vital to study their nature and role in genome instability, and 63 
ultimately clonal degeneration. In this paper, we report the detection of high copy numbers of 64 
sequence fragments of Gypsy-like, LINE and LTR retrotransposons in sweetpotato that may 65 
have accumulated over generations of clonal propagation. 66 
 67 
Materials and Methods 68 
Total genomic DNA was extracted from two sweetpotato cultivars (Beauregard 69 
and Northern Star) using a CTAB-based method (Connolly et al. 1994), and quantified 70 
using a NanoDrop
®
 (ND-1000) spectrophotometer (Thermo Fisher Scientific, 71 
Wilmington, U.S.A.). 72 
Database searches for nucleotide sequences of TEs reported in sweetpotato were 73 
performed with BLASTn at the National Centre for Biotechnology Information (NCBI, 74 
Bethesda, Md.) website: http://www.ncbi.nlm.nih.gov/BLAST/. Multiple sequence 75 
alignments were performed using ClustalW (Thompson et al. 1994) at the European 76 
Bioinformatics Institute website: http://www.ebi.ac.uk/Tools/clustalw2/. Primers (Table 2) 77 
were then designed manually based on consensus sequences from alignments or by 78 
submitting to the program Primer3 (Rozen and Skaletsky 2000), available at 79 
http://fokker.wi.mit.edu/primer3/. Additionally, the degenerate primers designed by Vicient 80 
et al. (2001) to amplify the envelop (ENV) (KS1F, KS2R) and RT (KS3p1F, KS4p2R) 81 
domains of Gypsy-like elements were also tested for sweetpotato. All the primers were 82 
synthesized by Proligo Australia Pty Ltd (Lismore, Australia). 83 
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PCR amplifications were performed using a MJ-Research PTC-200
™
 Thermal Cycler 84 
(MJ Research Inc. Watertown, MA, USA). The 25 µl PCR reaction mixtures contained 85 
approximately 20 ng template DNA, 1X PCR Buffer, 2.5 mM MgCl2, 0.25 mM dNTP, 0.2 86 
µM of each primer and 1 U Taq DNA polymerase. The generic PCR program used comprised 87 
a cycle of initial denaturation at 95 °C for 2 mins, 35 cycles of denaturation at 95 °C for 50 s, 88 
annealing at 50-60 °C for 50 s and extension at 72 °C for 1 min, and a final cycle of extension 89 
at 72 °C for 5 mins. A 10 µl aliquot of the PCR product was electrophoresed through 1.5% 90 
agarose, stained with ethidium bromide and photographed under UV light using a Molecular 91 
Imager
®
 Gel Doc
™
 XR System (BioRad Laboratories, Segrate (Milan), Italy). In cases where 92 
a single band was amplified, the PCR products were purified directly using the QIAquick 93 
PCR Purification Kit (Qiagen, Valencia, CA, USA. Cat. No. 28104). When multiple bands 94 
were amplified, each band was purified from the gel using the QIAquick Gel Extraction Kit 95 
(Qiagen, Valencia, CA, USA. Cat. No. 28704). The PCR products were ligated to the pCR
®
4-96 
TOPO
®
 (Invitrogen, Carlsbad, CA, USA. Cat. No. K4575-01) vector for cloning. The 97 
transformed Escherichia coli colonies were each transferred onto a fresh plate, and in a 10 µl 98 
of the PCR reaction mixture to verify their transformation. At least three confirmed colonies 99 
from each PCR product were selected (as replicates) and purified using PureLink
™
 Quick 100 
Plasmid Miniprep Kit (Invitrogen, Carlsbad, CA, USA. Cat. No. K2100-10). Three replicates 101 
each of the purified PCR products and plasmids were sequenced at the Australian Genome 102 
Research Facility (AGRF), Brisbane Node, The University of Queensland, using BigDye
™ 
103 
Terminator Cycle Sequencing Ready Reaction Kit version 3.1 (Applied Biosystems, Foster 104 
City, CA, USA). Sequence analyses (BLASTn and BLASTp) against the sequences in the 105 
GenBank database, alignment with ClustalW and phylogenetic tree construction were 106 
performed using the default settings of software Geneious version 4.7 (Drummond et al. 107 
2009). The dendrogram was constructed using the neighbour-joining method (Saitou and Nei 108 
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1987) with 500 bootstrap replicates analysed; the default distance based on the proportion of 109 
nucleotide and amino acid substitution was used, respectively. In cases where a significant 110 
protein family was identified, further searches were conducted using Pfam version 24.0 111 
(Wellcome Trust Sanger Institute at: http://www.pfam.sanger.ac.uk/search/sequence.nces.). 112 
Dot-blot hybridization was used to determine the number of apparent full-length and 113 
all detectable copies of the TEs in the sweetpotato genome. Serial dilutions of the mobile 114 
genetic element-containing plasmid and genomic DNA from the sweetpotato samples were 115 
spotted onto Hybond N
+
 membranes as three replicates. The plasmid standards contained 116 
0.001, 0.005, 0.01, 0.05, 0.1, 0.5 and 1 ng DNA, whereas genomic DNA dots contained 250, 117 
500, 750 and 1000 ng DNA. The PCR products were purified using the Qiagen
®
 PCR 118 
Purification kit (Qiagen) and labelled with digoxigenin, DIG-dUTP using the PCR DIG 119 
Probe Synthesis Kit (Roche Applied Science, Mannheim, Germany). Hybridization was 120 
carried out according to the manual provided for the DIG Kit with a high-stringency wash: 121 
twice in 2X SSC/0.1% SDS followed by a single wash in 0.5X SSC/0.1% SDS and 0.1X 122 
SSC/0.1% SDS at 65 °C for 10-15 mins. The hybridization signal intensities were quantified, 123 
after subtracting the backgrounds, using a Molecular Imager
®
 Gel Doc
™
 XR System. The 124 
volume (i.e. the sum of the intensities of the pixels within the volume boundary × pixel area) 125 
of each dot blot was determined, and this was used to calculate the concentration of the 126 
hybridised probes using the equation derived from the standard curve. The relative 127 
concentration of the nuclear genomic DNA attaching to the probe was determined by 128 
dividing the concentration of the hybridised probes to the respective concentration of 129 
genomic DNA. The copy numbers of the TE sequences present in the sweetpotato genome 130 
(size = 1597 Mb/1C, where 1C is the haploid genome (Arumuganathan and Earle 1991)) 131 
were then calculated using the formula: Copy number = (size of the haploid genome × 132 
average proportion of nuclear genomic DNA hybridizing to the probe)/ size of element probe. 133 
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 134 
Results and Discussion 135 
Partial sequences of various retrotransposons including Gypsy- and copia-like LTR 136 
retrotransposons and LINEs were found to be present in the sweetpotato genome (Table 3). 137 
Two Gypsy-like elements were amplified: IbGy-1, a 128 bp partial ENV fragment and IbGy-138 
2, a 364 bp partial Gypsy-like RT fragment (Fig. 1). A contiguous BLAST search found 139 
IbGy-1 to share similarities (Fig. 2a) with Bagy-2 cDNA sequences for the spliced ENV sub-140 
genomic RNAs of barley (AJ298028-AJ298032, AJ298072), Gossypium barbadense 141 
(accessions DQ109564, DQ10966, DQ109571, DQ109572) and G. hirsutum (Accession 142 
AY257164). On the other hand, the partial RT sequence fragment, IbGy-2, was found to be 143 
74.5% similar to Ty3/gypsy-like sequences from Zea mays L. (AJ295132), Brassica napus L. 144 
(AJ421232) and accessions AF378016 and AF378017 of Oryza sativa L. (Fig. 2b). These 145 
sequences (IbGy-1 and IbGy-2) were abundant in cv. Beauregard with estimated copy 146 
numbers of 2100 and 500 in the sweetpotato haploid genome size of 1597 Mb (Table 3). 147 
Although this is the first report of Gypsy-like retroelements for sweetpotato, they are widely 148 
transcribed in flowering plants (Vicient et al. 2001b). A complete characterization of the 149 
partial sequences IbGy-1 and IbGy-2, however, is required to verify their identity and 150 
phylogeny. Nonetheless, their similarities to the active Bagy-2 Gypsy-like retroelement of 151 
barley (Vicient et al. 2001a), plausibly indicates the occurrence of a Bagy-2-like family in 152 
sweetpotato. Further, IbGy-1 was found to have over 2100 copies in the genome, and such a 153 
multitude of copies may advocate its constitution of the ENV-like gene, albeit that only a 154 
contiguous BLAST search was able to pick up related sequences. Conforming to earlier 155 
observations (Abdel-Ghany and Zaki 2002; Vicient et al. 2001a; Wright 1998), the similarity 156 
of these sweetpotato Gypsy-like elements with those of unrelated monocot species is 157 
suggestive of their origins long before the divergence of dicots and monocots.  158 
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As anticipated, the PCR amplified fragments IbLi-1 (258 bp) and IbLi-2 (352 bp) 159 
were found to be highly homologous to the Lib LINEs of sweetpotato (Yamashita and Tahara 160 
2006, Fig. 1, 3a and 3b). A few base substitutions leading to amino acid substitutions in the 161 
IbLi-1 and IbLi-2 sequences caused slight deviations from the Lib LINE sequences. They 162 
were also found to have relatively higher copy numbers in the genome of cv. Beauregard with 163 
more than 4100 for IbLi-1 and ~600 for IbLi-2 (Table 3). Whereas numerous 164 
retrotransposons have been shown to inhabit the sweetpotato genome, only a few have been 165 
reported to actively mobilise. Tahara et al. (2004) demonstrated that the abundant Ty1/copia-166 
like element Rtsp-1 can be actively mobilised in callous tissues. Yamashita and Tahara 167 
(2006) reported on the active members of the LINE family Lib to cause spontaneous 168 
mutations in callus and meristem stem cells in sweetpotato. We observed similar sequence 169 
fragments (IbLi-1 and IbLi-2) having higher copy numbers of up to ~4100 in the sweetpotato 170 
cv. Beauregard. Generally, the abundance of LINEs in plant genomes have been attributed to 171 
the fact that they can proliferate by participating in double-strand DNA break repair besides 172 
TPRT (as reviewed in Eickbush 2002). By their very nature, LINEs have transposition rates 173 
that exceed their rates of decay and loss or excision (Arkhipova and Meselson 2005). In 174 
sweetpotato and other asexually propagated crop species (McKey et al. 2010), the 175 
accumulation of actively mobilising retrotransposons dictated by such molecular mechanisms 176 
can be extraneously enhanced by continuous clonal propagation over seasons. 177 
The partial LTR sequence fragments, IbLtr-1 (205 bp) and IbLtr-2 (151 bp), showed 178 
high homology (97% and 96% identity, respectively) to similar sequences of sweetpotato 179 
from which their primers were designed (Fig. 1, 4a and 4b). The small variations between the 180 
sequences were mainly due to base substitutions, and also a single arginine duplication in 181 
IbLtr-2 resulting in a stop codon and frameshift. The dot blot hybridization revealed genome 182 
copy numbers of ~50 and 1600 for the partial LTR sequences IbLtr-1 and IbLtr-2, 183 
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respectively. Although LTR retrotransposons are abundant in plant genomes, only a few 184 
remain active. Most are either transcriptionally silenced in highly methylated regions of the 185 
genome (Kumar and Bennetzen 1999), functionally inactivated by the presence of stop 186 
codons and frameshifts in the coding regions or, particularly LTR retrotransposons, may be 187 
depleted by excision leaving behind solo LTRs (Arkhipova and Meselson 2005; Soleimani et 188 
al. 2006). Considering that full length elements are flanked by two LTRs, the estimated copy 189 
numbers of IbLtr-2 (>1600) may in effect be ~800, or considerably lower when discounting 190 
solo LTRs. 191 
The 190 bp product of the partial RT sequence IbRt-1 matched a portion of the 192 
conserved region of the RT domain ranging from residue 6 to residue 63 (Fig. 5). This RT 193 
domain falls under the RVT_2 superfamily of the RNA-dependent DNA polymerase (RdDP, 194 
CL0027) clan (Xiong and Eickbush 1990). Apart from a few amino acid substitutions, the 195 
sequence was found to be homologous (73.8% identity, Fig. 5) to copia-like pol polyproteins 196 
of angiosperms such as mungbean (Vigna radiata, accessions AAT90446, AAT90451, etc.) 197 
and rice (Oryza sativa, accessions AAP46197, ABF96216, and T03664), and three 198 
homologous sequences AAF37863, AAF37864 and AAF61082 from sweetpotato. Its 199 
similarity to those from various dicot and monocot species supports the view of earlier 200 
horizontal transfers as proposed by Xiong and Eickbush (1990). Further, the detection of 201 
~800 genomic copies (Table 3), and also other similar sequences from sweetpotato may 202 
indicate the presence of a Ty1/copia-like element lineage apart from those that have been 203 
reported (Tahara et al. 2004; Villordon et al. 2000) as RT sequences have been shown to be 204 
strongly correlated with the terminal structure of the elements (Xiong and Eickbush 1990). 205 
The genome copy number of IbRt-1 based on cv. Beauregard was estimated to be ~800 206 
(Table 2). 207 
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The retrotransposons identified in this study were also PCR-amplified from several 208 
other sweetpotato cultivars from various countries in our working collection; an indication 209 
that they are widespread in the species. Although such elements have been demonstrated to 210 
be up-regulated by stress associated with tissue culture (Tahara et al. 2004; Yamashita and 211 
Tahara 2006) and virus infection (Villordon et al. 2000), the question remains, however, as to 212 
whether the isolated partial sequences reported here represent elements that are 213 
transcriptionally active under normal and/or stressful conditions. 214 
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Fig. 1. Detection of LTR and non-LTR retrotransposons studied in sweetpotato cultivars 
Beauregard and Northern star. L= DNA ladder; M5 = IbLtr-1; M27 = M28 = IbGy-2; M29 = 
IbLi-1; M30 = IbLi-2; M35 = IbLtr-2; and M36 = Ibrt-1. 
 
.
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 4 
Fig. 2. Nucleotide sequence alignment showing the relationships of other reverse transcriptase sequences of retrovirus-like elements with a) 
IbGy-1 and b) IbGy-2 detected in sweetpotato. Gaps and stop codons are indicated as (-) and (*) respectively.  The degree of shading indicate 
degree of nucleotide conservation ranging from black (100% conservation), dark grey (≥80%), light grey (≥60%), and no shading (60%).
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Fig. 3. Sequence alignment of amino acids showing the relationship of the partial LINE sequences a) IbLi-1 and b) IbLi-2 to various Lib LINEs 
of sweetpotato. The degree of shading indicate degree of residue conservation ranging from black (100% conservation), dark grey (≥80%), light 
grey (≥60%), and no shading (60%). 
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Fig. 4. Sequence alignment of amino acids showing the level of similarity between a) IbLtr-1 and b) IbLtr-2 and other known LTR sequences of 
sweetpotato. Gaps are indicated as (-). The degree of shading indicate degree of nucleotide conservation ranging from black (100% 
conservation), dark grey (≥80%), light grey (≥60%), and no shading (60%). 
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Fig. 5. A dendrogram showing the relationship between IbRt-1 and similar sequences found in other plant species based on the amplified Ty-
copia RT domain. Confidence of groupings was based estimated in percentage using 500 bootstrapping replication with a threshold value of 50 
%. The bootstrap values are shown above the branches. The scale bar represents the proportion of amino acid substitution per site. 
 1 
Table 1 Various active retrotransposons identified in sweetpotato
*
. 
Name GenBank  
accession 
Retrotransposon 
group 
Transposition/ insertion  Estimated copy 
number 
Reference 
Tib1-Tib 31 AF223309-
AF223326, 
AF223337-AF223345 
LTR Ty1/copia Near DFR-B gene; active in 
callus and normal plant cells 
NR Tanaka et al (2001) 
IBRT1-IBRT5 AF152900-AF152904 LTR, Ty1/copia  Activated by virus infection NR Villordon et al. (2000) 
Rtsp-1 AB162659 LTR Ty1/copia  Active in callus cells 396 Tahara et al. (2004) 
Lib AB231839, B231840,  
AB231842-
AB231846 
Non-LTR LINE Active in callus and normal 
plant cells 
108 Yamashita and Tahara (2006) 
IPSE1 AF295596 Non-LTR SINE Within retrotransposon 
fragment 
NR Tanaka et al. (2001) 
 
*
LINE = Long interspersed element; SINE = Short interspersed element; LTR = Long terminal repeat; NR = not reported. 
 2 
Table 2 The sequences of primers used in the study. 
Name Retrotransposon 
group/ domain
*
 
Primer Annealing 
temperature (
o
C) 
Author 
Code sequence (5’…3’) 
IbGy-1 Gypsy-like, ENV KS1F CCAAGGTCTATGGGACTTGGAACC 60.0 Vicient et al. (2001) 
KS2R CAAGGGGATTGCCCATACCAATGC 
IbGy-2 Gypsy-like, RT KS3p1F AARGAYCAYTWYCCIYTICCITT 56.0 Vicient et al. (2001) 
KS4p2R ACCATRAARTGRCAYTTYTCCCARTT 
IbLi-1 LINE  M29F GCAAAGATGGACCGGTCACAC 60.0 This study 
M29R CAAGTCCCGGGAGTTATCGCCG 
IbLi-2 LINE  M30F CTTTGGTTGTGGAGTGGTAGG 60.0 This study 
M30R CGAAGAATACGAGGGAGAGG 
IbLtr-1 LTR  M5F TGCTTAGACATGGTTAGGGTC 57.7 This study 
M5R GTTAGCCTAAAATGTAGGGACCA 
IbLtr-2 LTR  M35F AGGCAAGTCAAAAGGAGTTAGG 60.0 This study 
M35R GATTTGGGATGACAAGATTGG 
IbRt-1 RT M36F CCAACCTGAGGGTTTTTCAG 60.0 This study 
M36R AACTTTCTCCCACTGACCTTC 
*
ENV = envelop; RT = reverse transcriptase; LINE = Long interspersed element; LTR = Long terminal repeat. 
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Table 3 Retroelements detected in sweetpotato. 
Name Sequence 
length  
(base pairs)
 
Proportion of 
genomic DNA 
hybridising to 
probe (× 10
-4
)
*
 
Copy 
number 
estimate 
Sequence 
domain† 
Putative retroelement group 
IbGy-1 128 1.681
 
2100 Partial  ENV Gypsy-like retroelement 
IbGy-2 364 1.237 540 Partial RT Gypsy-like retroelement 
IbLi-1 258 6.585 4100 Partial LINE Non-LTR LINE 
IbLi-2 532 2.049 600 Partial LINE Non-LTR LINE 
IbLtr-1 205 0.058 50 Partial LTR LTR retrotransposon 
IbLtr-2 151 1.569 1600 Partial LTR LTR retrotransposon 
Ibrt-1 190 0.924 800 Partial RT LTR retrotransposon 
*
Sweetpotato haploid genome size = 1597 Mb (Arumuganathan and Earle 1991). 
†
ENV = envelope; RT = reverse transcriptase; LINE = Long interspersed element; LTR = Long terminal repeat. 
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Fig. S1. Alignment of amino acid residues of IbRt-1 and similar sequences from Vigna radiata (AAT90446, AAT90451, etc.), Diospyros kaki 
(BAB47197, BAB47198, BAB47203, BAB47204, BAB83551), Glycine max (BAG72096), Vitis vinifera (XP_002263, XP_002273, 
XP_002276, CAN80961), Oryza sativa (AAP46197, ABF96216; T03664), Spiranthes hongkongensis (AAG44348, ABU94831), Solanum 
chilense (CAA04615) and sweetpotato (AAF37863, AAF37864 and AAF61082) corresponding to the RT domain of Copia-like 
retrotransposons. The degree of shading indicate degree of residue conservation ranging from black (100% conservation), dark grey (≥80%), 
light grey (≥60%), and no shading (60%). 
